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Superconductivity often occurs close to broken-symmetry parent states and is especially common 
in doped magnetic insulators1. When twisted close to a magic relative orientation angle near !°, 
bilayer graphene has flat moiré superlattice minibands that have emerged as a rich and highly 
tunable source of strong correlation physics2-5, notably the appearance of superconductivity close 
to interaction-induced insulating states. Here we report on the fabrication of bilayer graphene 
devices with exceptionally uniform twist angles. We show that the reduction in twist angle 
disorder reveals insulating states at all integer occupancies of the four-fold spin/valley degenerate 
flat conduction and valence bands, i.e. at moiré band filling factors # = %,±!,±(,±),  and 
superconductivity below critical temperatures as high as ~ 3 K close to – 2 filling. We also observe 
three new superconducting domes at much lower temperatures close to the # = % and # = ±! 
insulating states. Interestingly, at # = ±! we find states with non-zero Chern numbers. For # =−! the insulating state exhibits a sharp hysteretic resistance enhancement when a perpendicular 
magnetic field above 3.6 tesla is applied, consistent with a field driven phase transition. Our study 
shows that symmetry-broken states, interaction driven insulators, and superconducting domes 
are common across the entire moiré flat bands, including near charge neutrality.  
 
Interactions dominate over single-particle physics in flat-band electronic systems, and give rise to 
insulating states at partial band fillings3,4,6, superconductivity7-9, magnetism6,10-16, charge density 
waves17, quasiparticles with exotic statistics18-22 and other phenomena23-28. The recent discovery of 
correlated insulating phases and strongly coupled superconducting domes in the ultra-flat bands of 
magic angle twisted bilayer graphene (MAG) close to half-filling (+	 = 	±	2)3,29,30 has established 
graphene as a new and exciting platform for the investigation of strongly-correlated two-dimensional 
electrons. MAG promises to provide entirely new insights because correlations can be accurately 
controlled by varying twist angle, because techniques for the fabrication of ultra-clean graphene layers 
have been perfected, and because the electron density . = ./ = 0/12~1026	cm16  needed to fill a moiré 
superlattice band can be supplied by electrical gates (0/ is the unit cell area of the periodic moiré 
pattern).  
 
Here we report the observation of correlated states at all integer fillings of  + = ././, including at 
charge neutrality, and the occurrence of novel superconducting domes upon doping slightly away from 
these densities. When interactions are neglected, the two (conduction and valence) low-energy moiré 
bands of MAG have 4-fold spin/valley flavor degeneracies, implying that the density measured from 
the carrier neutrality point (CNP) is 4./ when the flat conduction band is full and −4./ when the 
valence band is empty2,31. Interactions can lift the flavor degeneracies and give rise to completely empty 
or full spin/valley polarized flat bands, with interaction induced gaps at all integer values of +, in place 
of the symmetry protected Dirac points that connect the conduction and valence bands of fore each 
flavor10 when interactions are neglected. The many-body physics of these bands are intricately sensitive 
on the twist-angle θ and interaction strength ε-1 (where ε is the effective dielectric constant in MAG).  
Depending on electronic structure details, bands can have non-zero Chern numbers10,11,32,33, allowing 
for the possibility of orbital magnetism and anomalous Hall effects.  Gapped states at non-zero + occur 
only when interactions are strong enough to shift band energies by more than the flat band width when 
they are occupied, otherwise they lead to semi-metallic states.  
 
Correlated states at all integer moiré filling factors 
 
 
 
 
Figure 1 | Integer-filling correlated states and new superconducting domes. a, Schematic of a 
typical hBN encapsulated MAG device with a graphite back gate. b, AFM image and four-probe 
measurement schematic, with the scale bar 2 µm. c, 4-terminal longitudinal resistance Rxx as a function 
of carrier density n at different perpendicular magnetic fields from 0T (black trace) to 480mT (red 
trace). d, Color plot of Rxx vs. n and T, showing different phases including metal, band insulator (BI), 
correlated state (CS) and superconducting state (SC). The boundaries of the superconducting domes 
indicated by yellow lines are defined by 50% resistance values relative to the normal state. Note that 
the metal-SC transition is not sharp at some carrier densities, adding uncertainty to the Tc extraction e, 
Longitudinal resistance Rxx at optimal doping of the superconducting domes as a function of 
temperature. The resistance is normalized to its value at 8K. f, Conductance Gxx vs. inverse temperature 
at n corresponding to + = 0, 1, ±2	and	3 . The straight lines are fits to ~	?@A	(−∆/2DE)  activated 
behavior and give gap values of 0.35 meV (+ = −2), 0.14 meV (+ = 1), 0.37 meV (+ = 2), 0.27 meV 
(+ = 3) and 0.86 meV (CNP/	+ = 0). g, Mean-field phase diagram for neutral + = 0 (CNP) twisted 
bilayer graphene, as a function of twist angle θ and interaction strength ε-1, showing differnet 
configurations of C2T symmetry and Chern number (C). 
 
Fig. 1a shows the typical device schematic of a graphite back-gated, hexagonal boron nitride (hBN) 
encapsulated MAG hetero-structure. Our stack was fabricated using a previously developed “tear and 
stack” technique34,35, followed by a mechanical squeezing process36. This process removes trapped 
blisters, releases local strain, and achieves more homogenous interfaces between the layers. The stack 
was then etched and edge contacted37 to form a multi-terminal transport device. The atomic force 
microscopy (AFM) image in Fig. 1b demonstrates the high structural homogeneity of the final device.  
 
Fig. 1c shows the 4-terminal longitudinal resistance Rxx (n) as a function of carrier density for different 
values of weak out-of-plane magnetic field B┴ at base temperature of 16mK. Here n is capacitively tuned 
by a voltage on the local graphite back-gate and normalized by Hall measurement (Extended Data 
Fig.1). We find strong resistance peaks at density values . = 4./	~ ± 3 × 1026	cm16  that mark the 
edges of the flat moiré bands and are consistent with previous studies3,29,30.  This full-band density 
corresponds to an average twist angle across the device θ ~ 1.10º. Comparing 4./ values extracted from 
2-terminal measurements between different contact pairs (Extended data Fig.2), we estimate that the 
twist angle variation is only Δθ < 0.02º over a span of ~10 µm, demonstrating unprecedented twist-
angle homogeneity in a MAG device30. 
 
In addition to resistance peaks at the CNP and + = ±4, we also see resistance peaks at all non-zero 
integer fillings of the moiré conduction and valence bands (+ = ±1,±2,±3) corresponding to 1, 2 and 
3 electron (holes) per moiré unit cell (Fig. 1c). Insulating states at these densities are not expected in a 
single-particle picture, and can only be explained by strong interactions. Signatures of most of these 
resistive states were previously observed3,10,29,30,38, but are more strongly developed here, showing 
higher resistance values at base temperature. In particular, we observe a new resistance peak at −./ 
filling, and for the first time resolve resistive states at all integer moiré filling factors of both conduction 
and valence moiré bands. While the conductance at + = −3 and + = −1 does not yet show activated 
temperature dependence, which might indicate correlated semi-metal states39,40, all other integer filling 
factor states exhibit activated behavior over a decade in temperature, as shown in Fig. 1f. The transport 
data are consistent with gapped or semi-metallic correlated insulator states, with extracted gap values 
of 0.34 meV (+ = −2), 0.14 meV (+ = 1), 0.37 meV (+ = 2) and 0.25 meV (+ = 3).  
 
Unlike previous work, our device shows clear activated temperature dependence below 33 K at the 
CNP, with an extracted gap size of 0.86 meV. Gaps at the CNP do not require broken flavor symmetries, 
but they do require that at least one of the emergent C3 and C2T symmetries that protect the CNP be 
broken11. Interestingly, because the CNP gap was not observed in more inhomogeneous devices, our 
findings suggest that the gapped state at the CNP is less robust against twist angle disorder than the 
non-zero integer filling factor states, possibly because the competing gapless semiconductor single-
particle state already has a soft gap. We do note that a gap at the CNP can be also induced by inversion-
symmetry breaking by nearly aligned hBN layers41-43.  While we cannot completely rule out this trivial 
single particle mechanism as the source of the CNP gap, the hBN alignment in our device was random 
and we do not observe other typical signatures of hBN alignment41,42,44-47.  
 
The existence of a gap at the CNP has strong implications for the nature of other gapped MAG states. 
The mean-field theory (Extended data L-M) phase diagram in Fig.1g suggests that the interacting state 
is gapped at all plotted twist angles θ and ε-1	values.  Red color indicates gapped states that do not break H6E symmetry, and therefore have bands with no Berry curvature and vanishing Chern numbers. Blue 
zones signify gapped states that break H6Esymmetry but nevertheless have bands with zero Chern 
number, while orange zones indicate bands with non-zero Chern numbers. Gapped states at non-zero 
integer values of ν are expected only when the moiré superlattice band width is smaller than the 
exchange-shift produced by band occupation, and this occurs only near the magic angles. Overall our 
calculation demonstrate that insulating, or for weak interactions semi-metallic states, are common at all 
integer values of ν, as observed experimentally. 
 
Superconducting domes in proximity to # = % and # = ±! 
 
Strikingly, the resistivity of our device measured at 16 mK drops to zero over four distinct intervals of 
fractional carrier density, and is restored to normal values by a small perpendicular magnetic field B┴ < 
500 mT (Extended Data Fig.3). Fig. 1d provides a color scale plot of resistance versus temperature and 
carrier density in which red regions correspond to high and dark blue regions to low resistance values 
(<50 Ω). Extended Data Fig. 4 displays the resistance versus carrier density at a series of temperatures. 
At the lowest temperature, dome shaped pockets of low resistance flank the most resistive states. As 
shown in the resistance versus temperature line-cuts at optimal doping of the domes in Fig. 1e, in four 
of these regions the resistance drops sharply to almost zero values, consistent with a superconducting 
phase transition. 
 
The maximum superconducting transition temperature Tc in the superconducting dome (defined by half 
normal state resistance) on the hole side of – 2./, previously observed as ~1.7 K29, is increased to  Tc > 
3 K in our device, with resistive transition widths Tw ~ 2 K. All other superconducting domes are 
observed here for the first time. We identify domes between the CNP and ±./, with lower Tc and 
sharper resistive transitions with Tc ~ 160 mK and Tw ~ 50 mK for the electron side and Tc  ~ 140 mK 
and Tw ~ 60 mK on the hole side. In addition, we find a superconducting dome between ./ and 2./ 
with Tc ~ 650 mK and Tw ~ 100 mK.  The magneto-resistance data in Fig.1c and in Extended data Fig. 
5 suggest that additional superconducting domes are likely developing between + = −4 and + = −3, + = −2	and + = −1, + = 2 and + = 3, and possibly between + = 3 and + = 4 may be developing, but 
are obscured by the inhomogeneity that remains in our improved samples. 
 
 
 
Figure 2 | Superconducting dome between # = % and # = ! filling. a, Differential resistance dVxx/dI 
versus dc bias current I at various temperatures from 60 mK (black trace) to 160 mK (red trace). The 
blue dashed line is a fit to the Vxx ~ I3 power law, identifies a Berezinskii–Kosterlitz–Thouless transition 
(BKT) at temperature of TBKT ~ 110 mK. b, Longitudinal resistance Rxx versus temperature at various 
out-of-plane magnetic fields B┴, showing that normal resistance values are restored above 300 mT. c, 
Two dimensional color plot of the differential resistance dVxx/dI as a function of B and excitation current 
I at 16mK. The orange traces show differential resistance dVxx/dI versus I for values of B┴ = 225 mT, 
150 mT, 75 mT and 0 T from top to bottom. d, Critical magnetic field Bc values extracted at various 
temperatures. The straight line is a fit to the Ginzburg-Landau theory expression. (For all of the above 
measurements the carrier density was fixed at optimal doping of the dome . = 5 × 1022cm16). 
 
In Figure 2 we illustrate the superconducting signatures at optimal doping of the newly observed 
superconducting domes, exemplified by the state between the CNP and ./ at . = 5 × 1022cm16 (all 
other superconducting regions are described in detail in the Extended data Figs. 6-7). Fig. 2a displays 
measurements of dVxx/dI versus dc bias current I at various temperatures. At 60 mK the dVxx/dI(I) traces 
display the non-linear resistance typical of 2D superconductivity, with close to zero resistance values 
for I < Ic ~ 3 nA (where Ic is the critical supercurrent) and normal resistance values for I > Ic. The blue 
dashed line is a power law fit to Vxx ~ I3, consistent with 2D superconductivity described by the 
Berezinskii–Kosterlitz–Thouless theory (BKT)48. The extracted transition temperature TBKT ~ 110 mK 
is comparable with the extracted Tc ~ 160 mK.  
 
The temperature dependence of the resistance Rxx (T) for various magnetic field values B┴ is illustrated 
in Fig. 2b. The superconductivity signal is gradually weakened by B┴, and Rxx (T) varies almost linearly 
with T above a critical field Bc ~ 300 mT. The suppression of superconductivity by B┴ is further 
exemplified in Fig. 2c which shows a color plot of the differential resistance dVxx/dI as a function of B┴ 
and excitation current I at 16 mK. The orange traces show the non-linear resistance dependence for 
various B┴. Here blue regions correspond to I < Ic, showing that Ic is reduced by B┴, reaching zero above 
Bc ~ 300 mT. Unlike previous studies, our data does not show the phase coherent Fraunhofer 
interference patterns that are produced by phase separation between normal and superconducting 
regions, and have been attributed to twist-angle inhomogeneity. Their absence supports the high twist-
angle homogeneity of our device and establishes the formation of a macroscopic superconducting phase. 
From these measurements we extract the temperature dependent critical magnetic field Bc  (defined by 
50% of the normal state Rxx value). By fitting to the Ginzburg-Landau theory48 expression, Bc=[Φ0/(2πξ 
2 )](1 − T /Tc ), we extract a coherence length ξGL(T=0K) ~ 32 nm. Here Φ0 = h/(2e) is the superconducting 
flux quantum and h is Planck’s constant.  
 
Landau levels and Chern insulators at ν  = ± 1 filling 
 
We have studied the B┴-field response of the entire flat band at a temperature of 100 mK, identifying 
Shubnikov de Haas (SdH) oscillations that provide information on the structure and degeneracies of the 
Fermi surfaces in the sample. Fig. 3a shows the color map of Rxx as a function of n and B┴, and the 
corresponding schematic highlights resistance maxima trajectories. We find sets of Landau fans which 
originate from the CNP and from most of the integer ν resistive states. In previous work Landau levels 
(LL) were identified only on the high carrier density sides of insulating states.  Here we also observe 
Landau levels (LL) dispersing to lower densities.  The vanishing carrier densities near most integer ν 
signaled by both Landau fans and weak field Hall resistivities (Extended data Fig. 1) suggests that the 
four-fold spin/valley band degeneracy of the non-interacting state is lifted over large ranges of filling 
factor, resetting the carrier density per band.   
 
Our observations suggest that a rich variety of spin/valley broken-symmetry states occur as a function 
of carrier density and magnetic field. The Landau levels (LL) which can be traced to the CNP exhibit 
four-fold degeneracy with a filling-factor sequence of +K = ±	4, ±	8, ±	12 etc, as well as spin/valley 
broken-symmetry states with +K = ±	2. The LLs fanning out from + = 2	(−2), follow a sequence of +K = 2	(−2), 4	(−4), 6	(−6) etc. at low magnetic field indicating partially lifted degeneracy for either 
spin or valley. At high magnetic field, quantum oscillations from + = −2   exhibit a dominant 
degeneracy sequence of +K = −	3, −	5, −	7 etc. Near + = −3 filling, quantum oscillations exhibit fully 
lifted degeneracy of LLs with filling factors +K = −	1, −	2, −	3, −	4 etc.  The Landau fans that emerge 
from insulating states all extrapolate to a carrier density that vanishes at integer moiré band filling 
factors. While some details are different or newly visible here, our observations are generally in good 
agreement with previous reports.  
 
We also find that the LL from the CNP and + = −2 seem to change their degeneracies, when they cross 
the + = −1  and + = −3  states, suggesting first order phase transitions which change band 
degeneracies. In particular, as is shown in Fig. 3b, the LLs from the + = −2	and + = −3 state display 
a crisscrossing pattern, superficially similar to that of a Hofstadter butterfly, but distinct in that the LL 
indices that can be traced to the + = −3 state are spaced by one filling, whereas those that can be traced 
to the + = −2 state, are spaced by two fillings.  
 
Interestingly neither + = ±1  correlated states show clear LL formation or SdH oscillations. The 
positions of their resistance maxima do however exhibit clear B┴-field dependent features. At + = −1 
the resistance state has no slope dn/dB at low field, but suddenly, above a critical field B┴ ~ 3.6T 
develops a slope consistent with a Chern number of 1. Even more strikingly, at + = 1 the position of 
the resistance peak shifts to lower carrier density, with a slope consistent with a Chern number of 2. 
The slope in dn/dB in the absence of a LL fan in the + = ±1 correlated states is consistent with Chern 
insulating states from spin and valley symmetry breaking at odd ν. As discussed in the introduction and 
predicted by the mean-field theory, valley projected bands in insulating states can have non-zero Chern 
numbers that compete closely with states with zero Chern numbers. While we cannot resolve the 
quantized values in either Rxy or achieve the zero resistance in Rxx expected for a Chern insulating state, 
we do not do so for the other LLs in Fig. 3a either. We therefore conclude that even our improved 
devices are still too inhomogeneous to observe quantization over the entire device length. 
 
More experimental and theoretical studies will be needed to clarify these anomalous features, however 
overall these findings suggest quasiparticle bands that adjust to a pattern of correlations that changes 
when it is possible to produce gaps near the Fermi level for particular carrier densities and magnetic 
field strengths. 
 
 
Figure 3 | Shubnikov de Haas oscillations in the MAG flat bands. a, (upper panel) Color map of Rxx 
vs. n and B┴  and (lower panel) the corresponding schematic which identifies visible Landau level fans 
with a dominant degeneracy. The Landau fan diagram diverging from the CNP (+ = 0) follows a 4-fold 
degenerate sequence with +K = ±	4, ±	8, ±	12 etc., with symmetry-broken states at +K = ±2.  The fan 
from + = 2	(−2) follows a 2-fold degenerate +K = −2	(2), −4	(4), −6	(6) etc. sequence, with broken-
symmetry states at +K = −3,−	5, −7 etc. The + = −3	 fan follows single degenerate +K =−1,−2,−3,−4 etc. sequence.  Emergent correlated phases at all integer moiré fillings, including the 
CNP (+ = 0), are highlighted with red colors. Chern insulating states are highlighted in orange. b, 
Zoom-in of a around the + = −3	state, shows signatures similar to a Hofstadter butterfly spectrum with 
crisscrossing Landau levels fanning out from + = −3  and + = −2 filling states. 
 
Magnetic field driven phase transition at # = −! filling 
 
Surprisingly, exactly at the transition where the slope of the + = −1 resistive state in Fig. 3a changes 
from dn/dB = 0 to a dn/dB consistent with Chern number 1, we find a strong hysteretic increase of Rxx. 
which indicates a possible magnetic field induced first-order phase transition. Fig. 4a displays a color 
plot of Rxx as a function of n and B┴  in which red regions correspond to high and dark blue regions to 
low resistance values. Fig. 4b displays the temperature-dependent resistance Rxx(T) near + = −1 (or .	 = −8.43 × 1022cm16) for a series of magnetic field values. While at B┴ = 0T, Rxx(T) shows a typical 
metal-superconductor phase transition, above B┴  > 3.6 T and below T < 0.9 K, Rxx(T) has a sharp jump 
and an insulating temperature dependence. 
 
Fig. 4c shows Rxx (B┴) traces at + = −1 for up (solid) and down (dashed) sweeps of the magnetic field. 
Below 800 mK, the Rxx (B┴) curves have sharp jumps at associated critical transition fields BT, and show 
strong hysteretic behavior dependent on the sweeping direction of the magnetic field. The critical field 
BT  is always higher for up sweeps than for down sweeps, and ΔBT is the width in magnetic field of the 
hysteresis loop.  
 
Both, BT and ΔBT are highly temperature dependent, with BT shifting to higher values and ΔBT becoming 
smaller as the temperature increases.  For T > 800 mK the hysteresis almost disappears and the transition 
becomes broader. The temperature dependencies of both quantities are extracted and shown in Fig. 4d 
(BT is extracted from up sweeps). This phase transition and hysteresis occur over a narrow range of 
carrier density from ~ −	8.3 × 1022cm16  to −	9 × 1022cm16  (Extended Data Fig. 8b-c) with the 
transition fields BT and ΔBT at different carrier densities shown in Fig. 4e. Combined with Fig. 4a, we 
see that the boundary of the transition area is quite sharp on the low doping side, where hysteresis is 
strongest. Overall, we observe similar behavior in Hall resistance measurements (Extended Data Fig. 
8d). These observations signal that the origin of change in the slope dn/dB of the resistance maximum 
signals a first order phase transition, and is likely due to the competition of correlated states with zero 
and non-zero Chern number at high magnetic fields49, suggesting the emergence of a field stabilized 
orbital magnetic state. 
 
 
 
Figure 4 | Field driven phase transition near # = −! state. a, Longitudinal resistance Rxx as a 
function of carrier density and out-of-plane magnetic field B┴ measured at 16 mK. The orange traces 
show longitudinal resistance Rxx vs. n with the magnetic field from top to bottom fixed at 4 T, 3.8 T, 3.6 
T and 3.4 T, respectively. b, Rxx vs temperature at various fields B┴. c, Magnetic field B┴ dependent 
resistance Rxx at various temperatures, with dashed and solid lines corresponding to increasing and 
decreasing magnetic field, respectively. d, Temperature dependence of the critical field BT and the 
hysteresis value ΔBT. Note that the transition above 800 mK is not sharp, adding uncertainty to the BT 
extraction. (The carrier density in b-d is fixed at −8.43 × 1022cm16). e, Carrier density dependence of 
BT and ΔBT at 100 mK. 
 
Discussion  
 
By improving twist-angle homogeneity we have revealed aspects of the fascinating phenomenology of 
strong correlations and superconductivity in magic angle twisted bilayer graphene that were obscure in 
previous studies, in spite of the low impurity concentrations and relatively high mobilities of the hBN 
encapsulated MAG devices they employed29,30. The + = ±2  correlated states and associated 
superconducting domes discovered previously remain the strongest features.  However, bubble-free 
assembly and improvements in twist-angle homogeneity in the present device have allowed a more 
complete picture to emerge.  Most significantly, we show that insulating states occur at neutrality and 
at most integer moiré band filling factors, that four or more distinct superconducting domes occur as 
the flat band filling factor is varied, and that Chern insulators compete with normal insulators, forming 
a ground state at zero magnetic field in one case and stabilized by a magnetic field in another.  
 
We observe superconducting domes close to the + = ±1 states, and surprisingly perhaps, also close to 
charge neutrality. The latter domes represent the lowest carrier density .	~	3 × 1022cm16 (counting 
from CNP) at which SC has not ever been observed, comfortably beating previous records29. The 
existence of superconducting domes across a wide range of moiré band fillings must have important 
implications for our understanding of their origin. The appearance of superconductivity appears not to 
be simply related to proximity to peaks in the density of states of the non-interacting bands. 
Superconductivity occurs adjacent to insulating states that appear, on the basis of Landau fan patterns, 
to break spin-valley degeneracy and adjacent to insulating states that do not.  Nevertheless, its consistent 
association with nearby correlated insulator states suggests an exotic pairing mechanism. On the other 
hand, our observation cannot at this point rule out the possibility of conventional electron phonon 
coupling superconductivity in metallic states with quasiparticles that evolve adiabatically from those of 
the non-interacting system and compete with a rich variety of distinct insulating states from which they 
are separated by first order phase transition lines38,50,51.  In this case, it is possible that the consistent 
high density of states over a broad range of filling factors helps to support superconductivity in the 
metallic state.  
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Methods: 
 
Device fabrication: The hBN/tBLG/hBN/graphite stacks were exfoliated and assembled using a van der 
Waals assembly technique. Monolayer graphene, thin graphite and hBN flakes (~10 nm thick) were 
firstly exfoliated on SiO2 (~300 nm)/Si substrate, followed by the “tear and stack” technique with a 
polycarbonate (PC)/polydimethylsiloxane (PDMS) stamp to get the final hBN/tBLG/hBN/graphite 
stack. The separated graphene pieces were rotated manually by the twist angle ~1.2-1.3º. We 
purposefully chose a larger twist angle during the heterostructure assembly due to the high risk of 
relaxation of the twist angle to the random lower values. To increase the structural homogeneity, we 
further carried out a mechanically cleaning process to squeeze the trapped blister out and release the 
local strain. We didn’t perform subsequent high temperature annealing to avoid twist angle relaxation. 
We further patterned the stacks with PMMA resist and CHF3+O2 plasma and exposed the edges of 
graphene, which was subsequently contacted by Cr/Au (5/50 nm) metal leads using electron-beam 
evaporation (Cr) and thermal evaporation (Au). 
 
Measurement: Transport measurements were carried out in a dilution refrigerator with a base 
temperature of 16 mK and up to 5 T perpendicular magnetic field. Standard low-frequency lock-in 
techniques were used to measure the resistance Rxx and Rxy with an excitation current of ~1 nA at a 
frequency of 19.111Hz. In the measurement of differential resistance dV/dI, a ~0.5 nA AC excitation 
current was applied through a AC signal (0.5 V) generated by the lock-in amplifier in combination with 
a 1/100 divider and a 10 MOhm resistor. Before combining with the excitation, the applied DC signal 
passed through a 1/100 divider and a 1 MOhm resistor. As-induced differential voltage was further 
measured at the same frequency of 19.111Hz with standard lock-in technique. For measurements in 
strong magnetic fields we found that the increased contact resistance made it difficult to obtain accurate 
device resistance values. To resolve this issue, we applied a global gate voltage (+20 V) through Si/SiO2 
(~300 nm) to tune the charge carrier density separately in the device leads. 
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EXTENDED DATA 
 
 
A. Hall density measurements 
 
 
 
Extended Data Figure 1 | Hall density measurements at low B. Colored vertical bars correspond to 
densities ! = −4, −2, 2 and 4. 
 
Extended Data Fig. 1 shows Hall charge carrier density ('( = −)/(,-./)) vs. total charge carrier 
density n measured for device D1. Here we note that due to the large insulating gaps opened at the half-
filled Moiré superlattice (! = ±2) and weaker developed features of quarter-filled states (! = ±3, ±1), 
the observation of charge carrier sign switching wasn’t possible for each of the insulating regions. 
However, Extended Data Fig. 1 shows a clear charge carrier quasiparticle sign change around n = 0 
(from -1.3 × 1012 cm-2 to 1.3 × 1012 cm-2). As expected in a uniformly gated 2D electron gas system it 
follows '( = '. The further increase in total charge carrier density changes '( = ' ± 2'5. We note 
that on the hole side the Hall density becomes negative in the region from -1.6 × 1012 cm-2 to -2.5 × 
1012 cm-2 and positive on the electron side from 1.5 × 1012 cm-2 to 2.0 × 1012 cm-2. Beyond the band 
insulator regions, we observe Hall density that follows strictly '( = ' ± 4'5. 
 
In a good agreement with quantum oscillation data on the Fig. 4a in the main text, we observe new 
quasiparticles that appear only on one side of the CS states. This may be explained by the effective 
mass change through the metal-insulator transition region, which obscures the observation of Hall 
effect. 
 
 
 
 
 
 
 
 
B. Twist angle homogeneity measurements 
 
 
 
Extended Data Figure 2 | Twist angle homogeneity measurements. a-d AFM micrographs of a set 
of tBLG samples. Scale bar is 2 µm. e-f, Two terminal conductance measurements taken between 
contacts shown in a) and b). Colors correspond to the bars shown on the figures a and b, respectively. 
 
We present extended data for two magic-angle tBLG samples D1 and D2. D1 is the sample whose data 
are presented in the main text. In addition, we acquired data for sample D2 at the temperatures as low 
as 6 K. Extended Data Fig. 2a-d show the surface topology of a set of tBLG samples. We note that all 
our samples exhibit low surface roughness <0.1 nm and no signatures of air bubbles that are known to 
locally distort carrier density in charged devices. To further check twist angle homogeneity, we find 
positions of the full-filled superlattice on the charge carrier density map. High-density two-terminal 
conductance dips correspond to the full-filled superlattice bands. Since these dips are quite wide for 
D1, we choose the position of ±4n0 at the points where SdH oscillations emanating from the band 
insulator regions merge at B┴ = 0 T. For the devices D2, we extract these values from Hall density 
measurements. As a result, we estimate the twist angle for D1 ~1.10º ± 0.01º and for D2 ~1.08º ± 0.01º. 
The two terminal conductance line cuts are shown on the Extended Data Fig. 2c (d) for D1 (D2), 
respectively and indicate high angle homogeneity in both samples. 
 
 
 
 
 
 
 
 
 
 
 
C. Magnetic field effect 
 
 
Extended Data Figure 3 | Magnetic field measurement at base temperature. a, 2D map Rxx vs. B┴, 
n. The blue regions indicated SCs. b, Line cuts Rxx vs. B┴ for each of the SC pockets. 
 
Extended Data Fig. 3 demonstrates the effect of perpendicular magnetic field B┴ on the SC pockets 
observed in sample D1. Fig. 3a shows 2D map of longitudinal resistance -.. as a function of B┴ and 
total charge carrier density n taken at the base temperature 16 mK. Extended Data Fig. 3b shows Rxx vs. 
B┴ taken at 16 mK for each SC at the optimal doping level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D. Temperature line cuts 
 
 
Extended Data Figure 4 | Rxx vs. n line cuts taken at different temperatures. Red (black) line 
correspond to 16 mK (69 K), respectively. 
 
 
 
E. Signatures of superconductivity around other correlated gapped states 
 
Extended Data Figure 5 | Additional measurements at other possible superconducting domes. a-
d, 78../79 measurements for additional domes between –4n0 and -3n0, -2n0 and –n0, 2n0 and 3n0, and 
between 3n0 and 4n0, respectively. e-h, Corresponding thermal activation measurements Rxx vs. T for 
the same carrier densities. 
 
Extended Data Fig. 5 shows transport measurement for charge carrier densities close to different 
correlated insulator regions. Extended Data Fig. 5a-d show differential resistance measurements for 
charge carrier densities n = -2.61 × 1012 cm-2, -1.24 × 1012 cm-2, 1.72 × 1012 cm-2, 2.62 × 1012 cm-2, 
which are between –4n0 and -3n0, -2n0 and –n0, 2n0 and 3n0, and between 3n0 and 4n0, respectively. This 
data suggests SC-like gap opening for the above charge carrier densities, but due to disorder or angle 
inhomogeneity are not fully developed. Thermal activation behavior shown on Extended Data Fig. 2e-
 
 
h also suggests strong metallic behavior for the above densities, except one at n = 1.72 × 1012 cm-2, at 
which the gap is not fully developed and start deviating from the metallic behavior at ~0.3 K. The data 
shown in the Extended Data Fig. 5 suggests that, possibly, one can observe four more SC pockets in a 
case of more homogeneous and cleaner device. 
 
 
F. Full dataset for all observed SC states 
 
 
Extended Data Table 1. Experimental data for all four SC states reported in this study. 
 
 
 
Extended Data Figure 6 | Full characterization of all four SC pockets in sample D1. a-d, thermal 
activation behavior curves Rxx vs. n. e-h, BKT transition measurements 78../79 vs. Idc. j-m, Rxx vs. ):, 
Idc maps that demonstrate the absence of Fraunhofer interference in the observed SCs. 
 
We observed a total of four SC pockets in the reported device D1. Extended data Fig. 6 shows thermal 
activation (a-d), Berezinskii-Kosterlitz-Thouless (BKT) transition (e-h) and critical current, critical 
magnetic field measurements for all the SCs reported in D1. All SCs demonstrate strong thermal 
activation features with critical temperatures varying from 140 mK to 3 K. BKT transitions also 
demonstrate strong activation behavior with TBKT varying from 75 mK to 600 mK.  
 
 
 
It is known that in the presence of strong magnetic fields 2D SC gaps become less robust due to the 
vortices that introduce dissipation and suppress superconductivity. Extended Data Fig. 6j-m 
demonstrate all critical magnetic field and current maps dVxx/dI vs. B┴, Idc. These figures show well 
developed “diamond” – like features for all pockets with no signatures of Fraunhofer interference 
oscillations. The absence of such oscillations is an indicator of a well-developed SC across the entire 
area between the measurement contacts. This also highlights high angle and charge density 
homogeneity of the reported sample. 
 
 
 
 
 
G. Zoomed in data for phase diagram around 	< = −=, CNP and 	< = = 
 
 
Extended Data Figure 7 | Zoomed-in images of superconductor correlated insulator phases 
reported in Fig.1e in the main text. Black regions indicate resistance below 100 Ohm. Red dashed 
lines indicate correlated gapped states. SC-CS phase diagram observed close to a, ! = −1. b, CNP and 
c, ! = 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H. Additional data on hysteresis around < = −= 
 
 
Extended Data Figure 8 | Additional magnetic hysteresis data. a, Rxx vs. n line cuts taken at different 
temperatures and used to extract data for Fig. 3b in the main text. b-c, Rxx and Rxy vs. ): curves taken 
at different charge carrier densities and 100 mK. Arrows indicate the sweep direction of the magnetic 
field. Data from b is used to extract data for Fig. 4e in the main text. d, Same dataset for Rxy vs. B┴ as 
on the Fig. 4c in the main text. Dashed and solid lines correspond to ascending and descending magnetic 
fields, respectively. 
 
 
 
 
I. Quantum oscillations at high densities 
 
 
Extended Data Figure 9 | SdH oscillation at high magnetic fields and high charge carrier densities 
beyond the band edges. SdH oscillations for electron (hole) sides are shown on a (b). 
 
Extended Data Fig. 9 a-b show Rxx vs. B┴ and n taken at high charge carrier densities and high magnetic 
fields. The figure shows SdH quantum oscillations that appear outside the full-filled Moiré superlattice 
unit cell. We note that at high charge carrier densities the LL fan diagram follows that of Bernal stacked 
bilayer graphene. We observe a sequence of resistance dips corresponding to hole-like LL with integer 
fillings !>	= 16, 20, 24, 28, 32, 36 (Extended Data Fig. 9a) and electron-like LL with integer fillings !>	= 8, 12, 16, 20 (Extended Data Fig. 9b). 
 
 
J. SC-correlated state relation 
 
Extended Data Figure 10 | SC – correlated state relations. a-c, Rxx vs. T for different SC pockets 
and corresponding correlated insulators. 
 
Extended Data Fig. 10a-c show the relation between correlated state and corresponding 
superconductivity. We note that the two phases onset at very similar temperatures with the resistance 
in both cases diverging from high temperature metallic behavior at 1 K (Fig. 10a), 0.5 K (Fig. 10b), and 
0.7 K (Fig. 10c). This observation suggest that correlated states and superconductor gaps obey a very 
similar energy scale.  
 
 
 
 
K. High temperature data 
 
 
Extended Data Figure 11 | High temperature transport measurements for Devices D1 and D2. a-
b, Rxx vs. n for samples D1 and D2, respectively. c, CNP thermal activation behavior for device D2. d, 
Rxx vs. n line cuts for device D2 at charge carrier densities taken along lines indicated in b (color-coded). 
 
For the general purpose of characterization Extended Data Fig. 11a-b demonstrate Rxx vs. n scans taken 
at high temperatures for both samples D1 and D2. We observe the emergence of CNP at ~30 K for 
sample D1 and at ~90 K for sample D2. We also observe the appearance of local resistance maxima at 
the integer fillings of superlattice unit cell for both samples at ~50 K. Extended Data Fig. 11c shows 
thermal activation behavior for CNP of sample D2 from 6 K up to 250 K. Extended Data Fig. 11d shows 
metal-like temperature dependencies for device D2 at the fillings shown on the Extended Data Fig. 11b. 
Dashed lines demonstrate regions with the close-to-linear behavior. 
 
 
 
 
 
 
 
 
 
 
 
 
 
L. Quasiparticle bandstructures of insulating ground states at ! = 0 
 
We performed self-consistent mean field calculations, adding to the Coulomb interactions starting from 
the non-interacting continuum model for twisted bilayer graphene1. Details of the calculation can be 
found in Ref. 2. One important parameter in our calculation is the ratio of intra-sublattice to inter-
sublattice tunneling amplitudes @AA/@AB  which controls the bandgap between flat bands and higher 
energy bands. Its value can be adjusted to account reasonably accurately for corrugation and lattice 
relaxation effects, which may be somewhat sample dependent. We use @AA/@AB = 0.8, appealing to the 
thorough DFT modelling study of Ref. 3. 
 
 
 
 
Extended Data Figure 12| Quasiparticle bandstructures obtained by performing self-consistent 
mean field ground states at neutrality (< = E) with twist angle a, θ=0.85º, b, θ=1.10, c, θ=1.40º and 
d, θ=1.80º. The interaction strength parameter used for all this calculations was  FGH = 0.06. The 
dashed lines illustrate the non-interacting bandstructure as comparisons. Case b is close to the magic 
angle condition. The inset of d shows the moiré Brillouin zone and its high symmetry points. These 
plots are results of single flavor calculation, which differs only slightly from four flavor calculations at 
neutrality. 
 
Extended Data Fig. 12 shows the mean field quasiparticle bandstructures for different phases across the 
phase diagram Fig. 1a. We fixed the interaction strength to be FGH = 0.06 as an example. The four twist 
angles fall into three distinct ground states as classified in Fig 1g. Extended Data Fig. 12a and Fig. 12c 
correspond to states that break JK@ symmetry. While the highest valence band of Fig. 12a has a nonzero 
Chern number, it vanishes for Fig.12c. Fig. 12 b and Fig. 12d correspond to states which do not break JK@ symmetry but still have a finite charge gap. The mechanism of gap opening in this case is unusual 
 
 
and involves the annihilation of the flat band Dirac points by Dirac points sourced by band crossings 
between flat bands and remote higher energy bands2. It is evident in the Fig. 12a and Fig. 12b that the 
originally isolated flat bands get “pushed” into the higher energy bands by interactions and have band 
touching points with them away from high symmetry momenta. The difference between non-zero Chern 
number (Fig. 12a) and zero Chern number (Fig. 12c) bands is related to band touchings with the higher 
energy bands. We remark that the interaction strength in (Fig. 12c) is weak in comparison to the band 
gap between flat bands and higher bands.  The dominant interaction effects shown in these plots is 
renormalization of the lowest bands only.  
 
 
 
 
 
M. Quasiparticle bandstructure of an insulating ground state at negative quarter filling  
(! = −1) 
 
 
Extended Data Figure 13 | Four-flavor quasiparticle bandstructures for an insulating ground 
states at < = −= at magic angle θ=1.10º. We chose  FGH = 0.06 as an example. The black dashed 
lines are the non-interacting bandstructures, which are shown for comparison. Filled and empty circle 
markers represent occupied and unoccupied bands, respectively. We plot the lowest four bands, i.e. two 
conduction and two valence bands, for each flavor. 'LMLNO,↑(↓) is defined in unit of '5. The ground state 
spontaneously polarizes to |S, ↑⟩ flavor.  
 
Extended Data Fig. 13 shows the quasiparticle bandstructure for filling factor ! = −1. The ground state 
spontaneously breaks the SU(4) flavor symmetry by emptying the highest valence band of |S, ↑⟩ flavor. 
This emptied valence band is shifted up and separated from the quasi-degenerate valence bands of 
the other flavors. Depending on the detailed parameters, the ground state may either be insulating with 
a small gap or semi-metallic with a small band overlap.  For this value of FGH the ground state is semi-
metallic with a small band overlap, which occurs not along the high symmetry lines and is therefore not 
visible in this plot. The bandstructures at other filling factors can be understood in a similar way2. 
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